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SCAN FLIP-FLOP CIRCUIT CAPABLE OF 
GUARANTEEING NORMAL OPERATION 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a logic circuit 
including logic gate combination circuits and scan flip-flop 
circuits having a scan path for a test mode, and more 
particularly, to the improvement of scan flip-flop circuits. 
10 Description of the Related Art 

In a logic circuit including a large number of logic 
gates such as AND gates, NAND gates, OR gates, NOR gates, 
h exclusive OR gates and the like, and a large number of 

O flip-flop circuits interposed between the logic gates, the 

ff t 15 flip-flop circuits cannot usually be accessed directly from 
£ the exterior. Therefore, in order to test the logic gates, the 

W logic gates have to be operated step by step, which increases 
the test time . 

M= In order to reduce the test time for the logic gates 

W 20 included in the logic circuit, a scan path is provided to 

=i i 

m serially connect the flip-flop circuits to each other between* 
Q a scan-in terminal and a scan-out terminal. That is, when the 
scan path is activated, the flip-flop circuits can serve as 
a shift register, Thus, input data can be written from the 
25 scan-in terminal through the scan path into an arbitrary 
flip-flop circuit, and output data can be read from an 
arbitrary flip-flop circuit through the scan path to the 
scan-out terminal. 

A prior art scan flip-flop circuit is constructed 
30 by a selector circuit operated by a selection signal, a master 
latch circuit clocked by a clock signal, and a slave latch 
circuit clocked by the clock signal (see: JP-A-1-96573). This 
will be explained late in detail. 

In the above-described prior art scan flip-flop 
35 circuit, however, since there is actually a skew between a 
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clock signal suppl ied to one scan Flip-f lop circui t and a clock 
signal supplied to its adjacent scan flip-flop circuit, a 
normal operation of the scan flip-flop circuits cannot be 
guaranteed. This also will be explained later in detail. 

5 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a scan flip-flop circuit for use in a logic circuit capable 
of guaranteeing a normal operation. 

10 According to the present invention, in a scan 

flip-flop circuit, a first master latch receives usual mode 
data at a usual data input terminal in synchronization with 
a first clock signal, A second. master latch circuit receives 
scan-in data at a scan-in data input terminal in 

15 synchronization with first and second scan clock signals. A 
slave latch circuit receives an output signal of the first 
master latch circuit in synchronization with said first clock 
signal and the second scan clock signal. The slave latch 
circuit is constructed by a control circuit for controlling 

20 transfer of the usual mode data to the output terminal in 
synchronization with the second scan clock signal. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly 
25 understood from the description set forth below, as compared 
with the prior art, with reference to the accompanying 
drawings, wherein; 

Fig. 1 is a block circuit diagram illustrating a prior 
art logic circuit; 
30 Fig. I is a detailed circuit diagram of the scan flip-flop 

circuits of Fig. 1; 

Fig. 3 is a timing diagram for explaining a normal 
operation of the scan flip-flop circuits of Fig. 2j 

Fig. 4 is a timing diagram for explaining an abnormal 
35 operation of the scan flip-flop circuits of Fig. 2; 
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Fig. 5 is a block circuit diagram illustrating an 
embodiment of the logic circuit according to the present 
invention; 

Fig. 6 is a detailed circuit diagram of the scan flip-flop 
5 circuits of Fig. 5; 

Fig. 7 is a tiling diagram for explaining an operation 
of the scan flip-flop circuits of Fig. 6; and 

Fig. 8 is a block circuit diagram illustrating a 
modification Fig. 5. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Before the description of the preferred embodiment, 
a prior art logic circuit will be explained with reference to 
Figs. 1, 2, 3 and 4 (see: JP-A-1-96573) . 

15 In Fig. 1, which illustrates a prior art logic 

circuit, logic gate combination circuits 1, 2 and 3 formed by 
AND gates, NAND gates, OR gates, NOR gates, EOR gates and the 
like are connected in series between a data input terminal D iB 
and a data output terminal D„ t , Note that the data input 

20 terminal Di„ is usually constructed by a plurality of terminals, 
and the data output terminal D ft(u is usually constructed by a- 
plurality of terminals, however, in order to simplify the 
description, only one terminal is illustrated for each of the 
data input terminal D u and the data output terminal D 0Bt . 

25 A scan flip-flop circuit 4 is interposed between the 

combination circuits 1 and 2, and a scan flip-flop circuit 5 
is interposed between the combination circuits 2 and 3. 

Also, note that the scan flip-flop circuit 4 is 
usually constructed by a plurality of flip-flop circuits 

SO connected in parallel, and the scan flip-flop circuit 5 is 
usually constructed by a plurality of flip-flop circuits 
connected in parallel, however, in order to simplify the 
description, only one flip-flop circuit is illustrated for 
each of the scan flip-flop circuit 4 and the scan flip-flop 

35 circuit 5. 
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Tiio scan flip-flop circuit 4 receives selectively 
the output signal Dl of the combination circuit 1 and scan-in 
data at a scan-in terminal S in in response to clock signals 
CLK and CLK and selection signals SEL and HI generated from 
5 a clock signal generating circuit 6> and generates an output 
signal Ql, 

Similarly, the scan flip-flop circuit 5 receives 
selectively the output signal D2 of the combination circuit 
2 and the output signal Ql of the scan flip-flop circuit 4 in 
10 response to the clock signals CLK and CLK and the selection 
signals SEL and SEL generated from the clock signal generating 
circuit 6 and generates an output signal Q2. 
£ In a usual operation mode, the selection signal SEL 

~ssr 

O is low (~*0"), the combination circuit 1, the scan flip-flop 
fi 15 circuit 4, the combination circuit 2, the scan flip-flop 
jp circuit 5 and the combination circuit 3 are electrically 
W connected in series between the data input terminal D u and 

the data output terminal D ou6 . 
u On the other hand, in a test operation mode, the 

Jj 20 selection signal SEL is high (=*!"), the scan flip-flop 
B circuit 4, the combination circuit 2 and the scan flip-flop 
CI circuit 5 are electrically connected in series between the 
scan-in terminal S ih and the scan-out terminal S flnt . As a result, 
a so-called scan path is realized between the scan-in terminal 
25 S 5n and the scan-out terminal S ouh . 

In Pig. 2, which is a detailed circuit diagram of 
the scan flip-flop circuits 4 and 5 of Pig. 1, the scan 
flip-flop circuit 4 is constructed by a selector circuit 41 
operated by the selection signals SEL and SEL, a master latch 
30 circuit 42 clocked by the clock signals CLK and CLK, a&d a slave 
latch circuit 43 clocked by the clock signals CLK and CLK. 
Similarly, the scan flip-flop circuit 5 is constructed by a 
selector circuit 51 operated by the selection signals SEL and 
SEL, a niaster latch circuit 52 clocked by the clock signals 
35 CLK and CLK, and a slave latch circuit 53 clocked by the clock 
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signals CLK and CLK. 

In more detail, the selector 41 (51) is constructed 
by transfer gates 4 L 1 (511) and 412 (512). Also, the master 
latch circuit 42 (52) is constructed by transfer gates 421, 
5 422 and 423 (521, 522 and 523) and inverters 424 and 425(524 
and 525). Further, the slave latch circuit 43 (53) is 
constructed by inverters 431 and 432(531 and 532) and a 
transfer gate 433 (533), 

In a usual operation mode, the selection signal SEL 

10 is low. Therefore, the output signal Dl of the combination 
circuit 1 of Fig. 1 is supplied via the selector 41 to the 
master latch circuit 42 and the slave latch circuit 43 which 
are both opend by the clock signal CLK, so that the output 
signal Dl of the combination circuit 1 is supplied to the 

15 combination circuit 2, Similarly, the output signal D2 of the 
combination circuit 2 is supplied via the selector 51 to the 
master latch circuit 52 and the slave latch circuit 53 which 
are both clocked by the clock signal CLK, so that the output 
signal D2 of the combination circuit 2 is supplied to the 

20 combination circuit 3. 

A normal scan-in operation of the scan flip-flop- 
circuits 4 and 5 of Fig. 2 is explained next with reference 
to Pig. 3. In this case, the selection signal SEL is caused 
to be high (=T) f and assume that data SI and S2 are written 

25 into the scan flip-flop circuits 4 and 5, respectively, i.e., 
the slave latch circuits 43 and 53, respectively* 

As shown in Fig. 3, data S2 and SI are supplied from 
the scan-in terminal S u via the selector circuit 41 to the 
master latch circuit 42 in synchronization with the clock. 

30 signal CLK, 

Before time tl, since the clock signal CLK is low 
(-*0 W ), the transfer gate 421 is opened, so that the data S2 
is latched in the master latch circuit 42. 

Next, at time tl, since the clock signal CLK is 

35 switched from low (="0") to high (="D, the transfer gate 421 
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is closed while the transfer gates 422 and 423 are opened, so 
that the data 32 is transferred from the master latch circuit 

42 to the slm latch circuit 43 (i. e., QlrS2). 

Next, at time t2, since the clock signal CLK is 
5 switched from high to low (="0"), the transfer gate 521 

is closed while the transfer gates 522 and 523 are closed, so 
that the data S2 is transferred from the slave latch circuit 

43 to the waster latch circuit 52. 

Next, at time t3, since the clock^signal CLK is low 
10 (-"IT), the transfer gate 421 is opened, so that the data SI 
is latched in the master latch circuit 42. 

Next, at time t4, since the clock signal CLK is 
3 switched from low (="0'*) to high (="!"), the transfer gate 421 

is closed while the transfer gates 422 and 423 are opened, so 
jVj 15 that the data SI is transferred from the master latch circuit 
jp 42 to the si aye latch circuit 43 (i. e. , Ql^Sl). Simultaneously, 

y the transfer gate 421 is closed while the transfer gates 522 

and 523 are opened, so that the data S2 is transferred from 
the master latch circuit 52 to the slave latch circuit 53 (i. 
|j 20 e. 3 Q2=S2). 

S Next, at time t5, since the clock signal CLK is 

O switched fro.i high (^T) to low (="0 M ), the transfer gate 521 
is opened while the transfer gates 5Z2 and 523 are closed, so 
that the data SI is transferred from the slave latch circuit 
25 43 to the master latch circuit 52. 

Thus, the output signals Ql and Q2 of the scan 
flip-flop circuits 4 and 5 show the data SI and S2, 
respectively. 

After that, the combination circuits 1 3 2 and 3 are 
30 operated. Finally, a scan-out operation similar to the 

above-described scan-in operation is carried out* As a result, 
data obtained at the scan-out terminal S oub is compared with 
expected data, thus determining whether the combination 
circuits 1, 2 and 3 are normal or abnormal. 
35 In Fig. 3, the clock signal CLK is supplied to the 
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scan flip-flop circuits 4 and 5 without .skew. However, there 
is a sketir between the clock signals supplied to the scan 
flip-flop circuits 4 and 5, which cannot guarantee the 
above-described normal operation. This will, be explained next 
5 with reference to Fig, 4* 

In Fig. 4 ? a clock signal CLK2 supplied to the scan 
flip-flop circuit 5 is a little delayed as compared with a 
clock signal CLK1 supplied to the scan flip-flop circuit 4. 

As shown in Fig. 4, data S2 and SI are also supplied 
10 from the scan-in terminal S u via the selector circuit 41 to 
the master latch circuit 42 in synchronization with the clock 
signals CLK1 aad CLK2. 

aussa 

□ Before time tl, since the clock signal CLK1 is low 
0 (="0"), the transfer gate 421 is opened, so that the data S2 
y 15 is latched in the master latch circuit 42, 

JS Next, at time tl, since the clock signal CLK1 is 

W switched from low (="0 M ) to high (="1"), the transfer gate 421 

is closed while the transfer gate? 422 and 423 are opened, so 
K that the data S2 is transferred from the master latch circuit 

JJ{ 20 42 to the slave latch circuit 43 (i. e., Q1=S2). 
m At time tl\ the clock signal CLK2 is switched from 

□ low (="(T) to high (="1"), and at time t2, the clock signal 
CLK1 is switched from high {="1") to low (="0"). In this case, 
no significant operation is observed. 

25 Next, at time t2' 3 since the clock signal CLK2 is 

switched from high (= H r) to low (= M (T),. the transfer gate 521 
is opened while the transfer gates 522 and 523 are closed, so 
that the data S2 is transferred from the slave latch circuit 
43 to the master latch circuit 52. 

30 Next, at time t3 s since the clock signal CLK is low 

(-'G"h the transfer gate 421 is opened, so that the data SI 
is latched in the master latch circuit 42, 

Next, at time t4, since the clock signal CLE is 
switched from low (="0") to high (="l w ), the transfer gate 421 

35 is closed while the transfer gates 422 and 423 are opened, So 
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that the data SL is transferred from the master latch circuit 
42 to the slavo latch circuit 43 (i. e., ftl=Sl). In this case, 
since the clock signal CLK2 is still lov (-'0")j the transfer 
gate 521 is opened while the transfer gates 522 and 523 are 
5 closed, so that the data SI is further transferred from the 
slave latch circuit 43 to the master latch circuit 52. 

Next, at time t4 J , the clock signal CLK2 is switched 
from lov (=»Q») to high (^'1"), the transfer gate 521 is closed 
while the transfer gates 522 and 523 are opened, so that the 

10 data SI is transferred from the master latch circuit 52 to the 
slave latch circuit 53 (i. e., Q2=S1)« 

Next, at time t5, since the clock signal CLK is 
switched from high (="l w ) to low H'Q"), and at time t5', the 
clock signal CLK2 is switched from high (="1") to low (=»Q"). 

15 In this case, no significant operation is observed. 

Thus, the output signals Ql and Q2 of the scan 
flip-flop circuits 4 and 5 both sho* the data Si* Therefore, 
it is impossible to perform a test operation using the scan 
path upon the combination circuits 1, 2 and 3. 

20 in Fig. 5, which illustrates an embodiment of the 

logic circuit according to the present invention, scan 
flip-flop circuits 4 J and 5' and a clock signal generating 
circuit 6' are provided instead of the scan flip-flop circuits 
4 and 5 and the clock signal generating circuit 6, respectively, 

25 of Fig. 1. 

The scan flip-flop circuit 4' receives selectively 
the output signal Dl of the combination circuit 1 and scan-in 
data at the scan-in terminal S in in response to clock signals 
CUE a nd CLK and scan clock signals SCLK1, SCLK1, SCLK2 and 

30 SCIK2 generated from the clock signal generating circuit 6 ? 
and generates an output signal Ql. 

Similarly, the scan flip-flop circuit 5' receives 
selectively the output signal D2 of the combination circuit 
2 and the output signal Ql of the scan flip-flop circuit 4 in 

35 response to the clock signals CLK and CLK and the scan clock 
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signals SCLKl, SCr.Kl, SCLK2 and SCLK generated from the clock 
signal generating circuit 6 s and generates an output signal 
Q2. 

In a usual operation mode, the scan clock signal 
5 SCLK2 is low (= w 0") while the clock signal CLK is clocked, the 
combination circuit 1, the scan flip-flop circuit 4, the 
combination circuit 2, the scan flip-flop circuit 5 and the 
combination circuit 3 are electrically connected in series 
between the data input terminal D in and the data output 
10 terminal D out . 

On the other hand, in a test operation mode, the scan 
u clock; signals SCLKl and SCLK2 are clocked, the scan flip-flop 

O circuit 4', the combination circuit 2 and the scan flip-flop 

circuit 5' are electrically connected in series between the 

s ; 2 

ff } 16 scan-in terminal S u and the scan-out terminal S out . As a result, 
g a so-called scan path is realised between the scan-in terminal 

S iD and the scan-out terminal S Blt . 

Fig. 6 is a detailed circuit diagram of the scan 
flip-flop circuits 4' and 5' of Fig. 5. 
™ 20 In the scan flip-flop circuit 4', the selector 

circuit 41 of Fig. 2 is not provided. Also, the master latch' 
circuit 42 clocked by the clock signals CLE and CLK and a slave 
latch circuit 43' clocked by the clock signals CLK and CLf and 
the scan clock signals SCLK2 and SCLK2 are used for receiving 
25 the output signal Dl of the combination circuit 1. Note that, 
the slave latch circuit 42' is a modification of the slave 
latch circuit 42 of Fig. 2. Further, a master latch circuit 
44 clocked by the scan clock signals SCLKl, SCLKl, SCLK2 and 
SCLK2 is provided for receiving the scan data at the scan- 
30 in terminal S in . 

Similarly, in the scan flip-flop circuit 5', the 
selector circuit 51 of Fig. 2 is not provided. Also, the master 
latch circuit 52 clocked by the clock signals CLK and CLK and 
a slave latch circuit 53' clocked by the clock signals CLK and 
35 CLK and the scan clock signals SCLK2 and SCLK2 are used for 
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receiving fcho output signal D2 of the combination circuit 2. 
Note that, the slave latch circuit 52' is a Modification of 
the slave latch circuit 52 of Fig, 2. Further, a master latch 
circuit 54 clocked by the scan clock signals SGLK1, SCLK1, 
5 SCLK2 and SCLK2 is provided for receiving the output signal 
Ql of the scan flip-flop circuit 4\ 

In more detail, the slave latch circuit 43' (53 s ) 
includes a transfer gate 434(534) in addition to the elements 
of the slave latch circuit 43(53) of fig. 2. Also, the master 
10 latch circuit 44 (54) is constructed by transfer gates 441, 
442 and 443 (541, 542 and 543) and inverters 444 and 445(544 
I* and 545). In this case, the transfer gates 441 and 443 (541 

P and 543) are clocked by the scan clock signals SCLK1 and SCLKZ", 

JJ while the transfer gate 442(542) is clocked by the scan clock 

y 15 signals SCLK2 and SCLK2. 

In a usual operation mode, the scan clock signal 
'm SCLK2 is low. Therefore, the output signal Dl of the 

• conbination circuit 1 of Fig. 1 is supplied to the master latch 

jjj circuit 42 and the slave latch circuit 43' which are both 

m 20 clocked by the clock signal CLK, so that the output signal Dl 
W of the combination circuit 1 is supplied to the combination 
P circuit 2. Similarly, the output signal D2 of the combination 
circuit 2 is supplied to the master latch circuit 52 and the 
slave latch circuit 53' which are both clocked by the clock 
25 signal CLK, so that the output signal D2 of the combination 
circuit 2 is supplied to the combination circuit 3. 

A scan-in operation of the scan flip-flop circuits 
4' and 5' of Fig. 6 is explained next with reference to Fig. 
7. In this case, the clock signal CLK is caused to be high 
30 (="1"), and it is assumed that data SI and S2 are written into 
the scan flip-flop circuits 4' and 5', respectively, i,e., the 
master latch circuits 44 and 54, respectively. 

As shown in Fig. 7, data S2 and SI are supplied from 
the scan-in terminal S iD to the master latch circuit 44 in 
35 synchronization with the scan clock signals SCLK1 and SCLK2. 
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Before time tl, since the scan clock signals SCLK1 
is low (="0"), the transfer gate 421 is closed. 

Next, at time tl, the transfer gate 441 is opened 
while the transfer gates 442 and 443 are closed, so that the 
5 data S2 is latched in the master latch circuit 44. Then, at 
time t2, the transfer gates 441 and 443 are closed and opened, 
respectively. 

Next, at time t3, since the scan clock signal SCLK2 
is switched from low (="0") to high (="1"), the transfer gate 
10 442 is opened while the transfer gate 434 of the slave latch 
circuit 42' are opened, so that the data S2 is surely 
_ transferred from the master latch circuit 44 to the output Ql 

□ of the slave latch circuit 43' (i. e., Q1=S2), since the closed 

O transfer gate 434 stops the transfer of data from the master 

jjj 15 latch circuit 42 thereto. Then, at time t4, the transfer gates 
=p 442 and 434 are closed and opened, respectively. In this ease, 

W the data S2 of the output Ql of the slave latch circuit 43' 

r is kept by the closed transfer gate 433. 

jf = Next, at time t5, the transfer gate 441 is opened 

jg 20 while the transfer gates 442 and 443 are closed, so that the 
59 data S2 is latched in the master latch circuit 44. 
g Simultaneously, the transfer gate 541 is opened which the 
transfer gates 542 and 543 are closed, so that the data SI is 
latched in the master latch circuit 54. Then, at time t5, the 
25 transfer gates 441 and 443 are closed and opened, respectively, 
and the transfer gates 541 and 543 are closed and opened, 
respectively. 

Next, at time t7, since the scan clock signal SCLK2 
is switched from low (="0") to high (="1"), the transfer gate 
30 442 is opened while the transfer gate 434 of the slave latch 
circuit 42' is opened, so that the data Si is surely 
transferred from the master latch circuit 44 to the output Ql 
of the slave latch circuit 43' (i. e. } Q1=S1), since the closed 
transfer gate 434 stops the transfer of data from the master 
35 latch circuit 42 thereto. Simultaneously, the transfer gate 
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542 is opened while the transfer gate 534 of the slave latch 
circuit 52' is opened, so that the data S2 is surely 
transferred from the master latch circuit 54 to the output Q2 
of the slave latch circuit 53' (i. e. , Q2=S2) 5 since the closed 
5 transfer gate 534 stops the transfer of data from the master 
latch circuit 52 thereto. Then, at time t8, the transfer gates 
442 and 434 are closed and opened, respectively, and the 
transfer gates 542 and 534 are closed and opened, respectively 
In this case, the data SI of the output Ql of the slave latch 
10 circuit 43' is kept by the closed transfer gate 433. Also, the 
data S2 of the output QZ of the slave latch circuit 53' is kept 
u by the closed transfer gate 533. 

O In the above-described embodiment, since a scan- 

in operation is carried out by two scan clock signals SCLK1 
5^ 15 and SCLK2, an erroneous operation in the logic circuit of Figs. 
J5 1 and 2 can be avoided. Also, due to the presence of the 

W transfer gate 434 (534) in the slave latch circuit 43' (53') a 

3 the data of the master latch circuit 43 (52) cannot pass 

M; through the slave latch circuit 43 J (53*) in a scan-in 

20 operation mode. 
09 In Fig. 8, which illustrates a modification of the 

scan flip-flop circuit 4' and 5' of Fig. 6, a NOR gate 424* (5240 
is provided instead of the inverter 4Z4 (524), and a NOB gate 
432* (532') is provided instead of the inverter 432 (532). When 
25 the NOR gates 424' (524 ? ) and 432' (5320 receive a set signal 
SET, the master latch circuit 42 (52) and the slave latch 
circuit 42' (52*) are set. Other operations of the scan 
flip-flop circuits 4' and 5* are the same as those of Fig. 6. 

As explained hereinabove, according to the present 
30 invention, a first master latch circuit and a slave latch 
circuit for receiving usual mode data and a second master latch 
circuit for receiving scan-in data are provided, and the slave 
latch circuit includes a control circuit controlled by a scan 
clock signal to control a data path between the first master 
35 latch circuit and the output of the slave latch circuit. As 
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a result, an erroneous scan-in operation can uo avoided. 
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